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TheArabidopsis embryo establishes polarity andmain tissue types with the first five rounds of cell division. In
this issue of Developmental Cell, Gooh et al. (2015) provide tools toward elucidating this poorly understood
process through the first movies and targeted manipulations of early embryos developing inside cultured
seeds.A few years ago, it became possible to
watch fertilization in flowering plants live
with a microscope (for most recent exam-
ples, see Hamamura et al., 2014; Kawa-
shima et al., 2014). The process is more
complicated, of course, than in animals.
Two sperm are carried inside the fast-
moving pollen tube to the center of the
future seed. Once there, one sperm fuses
with the egg to create the zygote, whereas
the other fuses with the central cell to
generate the endosperm. Making this
double fertilization happen on a micro-
scope stage turned out to be a very diffi-
cult trick, and success rates remain low
even today. However, live imaging imme-
diately clarified the timing of events and
helped answer a number of long-standing
questions (reviewed in Kurihara et al.,
2013). For example, are the two sperm
equivalent? Selectively labeling one of
the sperm by photo-conversion reveals
that yes, they are. Now, Gooh and col-
leagues (2015), reporting in this issue of
Developmental Cell, have taken this live
imaging one step further to present the
first movies and targeted manipulations
of early embryos in Arabidopsis. Why is
this important? The available evidence
strongly suggests that fundamental deci-
sions—defining the apical-basal axis and
the main tissue types—are made within
the first few rounds of division after fertil-
ization (Figure 1). And yet, it is these early
stages that we understand least of all. The
field is ripe for innovation, and the tools
developed by Gooh and colleagues
(2015) are well positioned to make a big
difference.
Previous, pioneering work (Sauer and
Friml, 2004) identified a simple, defined
media for culturing whole, immature
Arabidopsis seeds. Viability using this
media was reasonable with seeds har-
vested about 2 days after fertilization,but younger seeds fared poorly. Gooh
and colleagues (2015) found that
substituting trehalose for sucrose as
the main carbon source significantly
improved survival (the reason why re-
mains unclear, and the physiological
effects of dissection and culture seem to
warrant further investigation). Live imag-
ing of the seed over long periods of time
was aided by, rather ingeniously, immobi-
lizing the immature seed between ‘‘micro-
pillars’’ of a custom-made silicon cage,
which serve as both culture chamber
and microscope slide. Using this setup,
it becomes possible to follow the devel-
opment of embryos from the zygote stage
onward, over a period of 3–4 days, by
confocal or two-photon microscopy. The
authors extracted lineage trees from live
observations that are consistent with
previous inferences based on fixed mate-
rial and, importantly, determine the timing
of all cell divisions from the zygote until
32-cell stage in the endosperm as well
as in the embryo with unprecedented
resolution.
Fate in the early plant embryo, however,
does not strictly follow lineage but is
negotiated through cell-to-cell interac-
tions. After fertilization, the Arabidopsis
zygote elongates three-fold before
dividing asymmetrically. From this divi-
sion, the small, apical daughter cell sub-
sequently forms the globular proembryo
and the large basal daughter cell forms
the filamentous suspensor (largely a
support structure). Do apical and basal
fates become fixed with the first division?
Gooh and colleagues (2015) directly
examined this by inactivating each
daughter of the zygote through targeted
laser pulses and documenting the conse-
quences over time. In the absence of a
basal cell, the apical cell still produces a
globular structure, suggesting that apicalDevelopmental Cefates are maintained. However, the sub-
sequent cell divisions do become irreg-
ular, as if a reference point for the
apical-basal axis is missing. Loss of the
apical cell, on the other hand, induces
the basal cell to essentially recapitulate
the asymmetric first division, and live im-
aging of fluorescent reporters beautifully
reveals gradual fading of a basal marker
(WOX8) and concomitant appearance of
two apical markers (WOX2 and DRN) in
the apical daughter produced in this pro-
cess. Thus, the basal cell maintains the
ability to generate an apical lineage
through what appears to be a formative
division.
It is easy to see how these inactivation
experiments could be expanded to probe
other formative divisions or, more gener-
ally, cell-to-cell interactions and develop-
mental potential in the growing seed. Can
suspensor cells still regenerate an apical
lineage at a later stage? If so, is the pro-
cess always coupled to cell division?
What happens to cells of the upper tier
when they become isolated from the
lower tier and vice versa? A caveat of
this targeted perturbation to note is
that laser-irradiated cells may not be
completely inactive, as they do not
appear to collapse or become displaced
rapidly. Direct cytoplasmic connections
to neighbors, for example, could poten-
tially persist for some time.
By the 32-cell stage, the main tissue
types and apical-basal domains of Arabi-
dopsis embryos seem to be in place.
Thus, understanding these early fate deci-
sions is essential for understanding the
patterning process. A number of mutants
affecting key events, often to striking ef-
fect, have been isolated over the years
(and continue to be uncovered) and their
gene products characterized (reviewed
in Jeong et al., 2012; Ueda and Laux,ll 34, July 27, 2015 ª2015 Elsevier Inc. 137
Figure 1. Stages of Arabidopsis Early Development
Culture of immature Arabidopsis seed enables live imaging and experimental manipulation of early embryogenesis. The organization of embryos from the 1-cell to
the 32-cell stage is outlined.
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yielded important insights, we still strug-
gle to understand the big picture: how
do these factors interact to bring about
patterning? Perhaps a formal framework
for describing normal and mutant devel-
opment that would enable more objective
comparisons across genotypes could
help. Spatial and temporal aspects can
now be tackled with new, quantitative
tools. The exact three-dimensional geom-
etry of embryos at the cellular level has
recently been described by segmentation
of confocal images of fixed material
(Yoshida et al., 2014). Using live imaging
approaches reported by Gooh and col-
leagues (2015), lineage relationships and
timing of divisions can now be determined
with comparable accuracy. This ability is
particularly important with respect to mu-
tants: the variability inherent to mutant
development can severely limit the
accuracy of descriptions based on snap-
shots of fixed material. Following a num-
ber of mutants over time could reveal
otherwise-hidden commonalities as well
as provide objective measurements for
growth rates and timing of particular
events.138 Developmental Cell 34, July 27, 2015 ª2Beyond these immediate applications,
the work of Gooh and colleagues allows
us to envision the development of more
powerful tools for direct manipulations of
the developing embryo. As part of previ-
ouswork on fertilization, a thermal-expan-
sion microinjector coupled to a 0.1 mm
capillary was developed for a model plant
Torenia (Okuda et al., 2009). Torenia
plants have ovules in which the egg appa-
ratus is located outside the ovule before
fertilization, making manipulations easier.
Could a similar device be used to deliver
molecules of interest into Arabidopsis
seeds? Would it be possible to trigger
gene transcription in specific cells or re-
gions of cultured seeds by heat or light?
Heat shock promoters are commonly
used for inducible expression in plants,
and photo-activatable transcription fac-
tors have recently been engineered as
well. These may be still daydreams, but
just look at the movies of the developing
embryo; we are certainly in exciting times.ACKNOWLEDGMENTS
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